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Summary
The CGIAR research programme on Climate Change Agriculture and Food Security, in collaboration with several partners is testing a
portfolio of interventions to address the threat of changing climatic conditions for smallholder farming communities living beside river
ﬂood plains, grouped into “Climate Smart Villages” (CSVs). We present characteristics of farms in CSV in relation to small ruminant
(SR) production and the scenario for a breeding and improvement programme. Information was collated using participatory systems
research methods from 140 households in seven CSVs in Nyando basin, Kenya. Although most households were headed by men,
there were a higher proportion of adult women within the communities, and literacy levels were moderate. A total of 58 percent of
the population owned <1 ha of land for growing crops and rearing on average 6.96 ± 3.35 Tropical Livestock Units comprising different
species of animals. Women headed households owned more sheep which were mainly crosses of unspeciﬁed local breeds, than Goats
which were mainly the Small East African breed-type. Mating among the SR was random, with no control of inbreeding as ﬂocks
mixed in grazing ﬁelds and at water points. Farmers desired large and resilient animals for better market prices; however, growth
rates were slow. The SR ﬂocks were dynamic with 31 percent of the animals moving in and out of ﬂocks in a year. A community
breeding programme optimally using available resources and incorporating gender integrated innovative technologies could be imple-
mented for the CSV, alongside strong capacity development on animal husbandry, health and marketing of products.
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Résumé
Le programme de recherche du CGIAR sur le Changement Climatique, l’Agriculture et la Sécurité Alimentaire, développé en collab-
oration avec divers partenaires, a évalué une série d’interventions pour s’attaquer à la menace de conditions climatiques changeantes
pesant sur les communautés de petits éleveurs habitant près de plaines alluviales ﬂuviales, groupées sous le nom de “Villages
Intelligents face au Climat” (VIC). Nous présentons les caractéristiques des exploitations des VIC par rapport aux performances
des petits ruminants et le contexte pour un programme de sélection et d’amélioration. Les informations ont été obtenues en impliquant
140 ménages de 7 VIC du bassin du ﬂeuve Nyando, au Kenya, dans le processus de recherche. Bien que la plupart des ménages étaient
dirigés par des hommes, la proportion de femmes adultes dans les communautés a été plus élevée. Les niveaux d’alphabétisation ont été
modérés. Le 58 pour cent de la population possédait moins d’un hectare de terre pour les cultures et pour élever, en moyenne, 6.96 ±
3.35 Unités de Bétail Tropical de différentes espèces d’animaux. Dans les ménages dirigés par des femmes, il y avait plus de moutons,
résultant essentiellement du croisement de races locales non spéciﬁques, que de chèvres, celles-ci étant principalement du type racial
Petite Chèvre d’Afrique de l’Est. Les accouplements des petits ruminants se faisaient de façon aléatoire, sans aucun contrôle de la
consanguinité, puisque les troupeaux se mélangeaient dans les pâturages et aux points d’eau. Les éleveurs souhaitaient avoir des ani-
maux grands et résistants pour pouvoir bénéﬁcier de meilleurs prix sur le marché. Cependant, les vitesses de croissance ont été basses.
Les troupeaux de petits ruminants ont été dynamiques, avec un 31 pour cent des animaux entrant et quittant les troupeaux chaque
année. Un programme communautaire de sélection employant les ressources disponibles de façon optimale et intégrant le sujet du
genre dans les technologies innovantes pourrait être mis en œuvre dans les VIC. Ce programme devrait s’accompagner d’un renforce-
ment des capacités pour le développement de l’élevage, l’amélioration de l’état sanitaire et la commercialisation des produits.
Mots-clés: petits ruminants, villages intelligents face au climat, pratiques d’élevage
Resumen
El programa de investigación del CGIAR sobre Cambio Climático, Agricultura y Seguridad Alimentaria, desarrollado en colaboración
con varios socios, está evaluando una serie de intervenciones para hacer frente a la amenaza de condiciones climáticas cambiantes sobre
comunidades de pequeños ganaderos residentes junto a llanuras aluviales de ríos, agrupadas bajo el nombre de “Aldeas Climáticamente
Inteligentes” (ACI). Presentamos las características de las granjas de las ACI en relación a la producción de los pequeños rumiantes y el
contexto para un programa de selección y mejora. La información se obtuvo mediante la participación en el proceso de investigación de
140 hogares de 7 ACI en la cuenca del río Nyando, en Kenya. Si bien la mayoría de los hogares eran liderados por hombres, se dio una
mayor proporción de mujeres adultas dentro de las comunidades. Los niveles de alfabetización fueron moderados. El 58 por ciento de la
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población poseía menos de una hectárea de tierra para cultivar y para criar, de media, 6.96 ± 3.35 Unidades de Ganado Tropical, entre
las cuales se incluían diferentes especies de animales. En los hogares dirigidos por mujeres, predominaban las ovejas, las cuales resul-
taban principalmente de cruces entre razas locales inespecíﬁcas, frente a las cabras, que eran mayoritariamente del tipo racial Cabra
Pequeña de África Oriental. Los apareamientos de los pequeños rumiantes se realizaban de manera aleatoria, sin ningún control de
la endogamia, dado que los rebaños se mezclaban en los pastos y en los puntos de agua. Los ganaderos deseaban tener animales
grandes y resistentes para poder beneﬁciarse de mejores precios de mercado. Sin embargo, las velocidades de crecimiento fueron
bajas. Los rebaños de pequeños rumiantes eran dinámicos, con un 31 por ciento de los animales entrando y saliendo de los
rebaños cada año. Se podría implementar en las ACI un programa de mejora comunitario que emplease de manera óptima los recursos
disponibles y que incorporase la cuestión del género en las tecnologías innovadoras. Este programa debería acompañarse de un refuerzo
de las capacidades para el desarrollo de la ganadería, la mejora del estado sanitario y la comercialización de los productos.
Palabras clave: pequeños rumiantes, aldeas climáticamente inteligentes, prácticas de manejo
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Introduction
Changing climatic conditions coupled with overexploita-
tion of natural resources have led to great changes in the
agricultural potential of land in Kenya. The changing cli-
matic conditions have resulted in changes in precipitation
patterns characterized by long periods of dry weather lead-
ing to a loss of vegetative cover, followed by periods of
very heavy rainfall and subsequent ﬂooding, which threat-
en and adversely affect communities, notably those that
live beside rivers and river ﬂoodplains (IPCC, 2007).
The Nyando basin in Western Kenya, a rich agricultural
ﬂood plain around Lake Victoria is one region that has
been adversely affected by the changing climate. The chal-
lenges are compounded by the high population density in
the area (more than 400 persons/km2), and a high rate of
poverty (Macoloo et al., 2013). Farming is the primary
source of income and food in Nyando; however, land hold-
ings are small, and the area suffers serious soil erosion
with run-off during rainy seasons that forms deep gullies
affecting about 40 percent of the landscape.
From late 2011, the CGIAR research programme onClimate
Change Agriculture and Food Security (CCAFS), in collab-
orationwithWorldNeighbors, ViAgroforestry andKenya’s
Ministry of Agriculture, Livestock and Fisheries have been
testing a portfolio of promising climate change adaptation,
mitigation and risk management interventions for small-
holder farmers grouped into “Climate smart villages”
(CSVs). CSVs are the sites where the partners work with
farmers using participatory approaches to identify needs,
then test the portfolio of agricultural interventions identiﬁed
for the site, and develop the capacity of the communities to
respond to and manage the relevant resources in order to
improve their livelihoods. One such intervention has been
the introduction of improved strains of indigenous sheep
and goats [collectively referred to as small ruminants
(SRs)] in a bid to improve the productivity of the local SR.
SRs are important in ensuring food security as they pro-
vide households with both nutrition and disposable
income. Their small body size, ﬂexible feeding habits
and short generation intervals make them suited to the
smallholder farming systems. They also require lower ini-
tial investment costs, play a complementary role to other
livestocks in the utilization of feed resources and are
often owned and tended by women and children
(Kosgey, Van Arendonk and Baker, 2004; Peacock,
2005). The role of SR in income generation and food
security of most smallholder farmers of Kenya is substan-
tial (Peacock, 2005; Ojango et al., 2010), as they enhance
the livelihoods of smallholder farmers through the sale of
products such as milk, live animals and manure. Outputs
from SR within smallholder systems however tend to be
low and few initiatives for change are in place.
System-based research is thus required to understand the
context under which SR are kept, and help the smallholder
systems better respond to the changing social, economic
and environmental conditions in which they operate
(Kosgey and Okeyo, 2007; Rege et al., 2011). In this
paper, we outline the characteristics of the SR production
environment, and the ﬂock structures and dynamics at
the household level within CSV of the CCAFS project in
order to determine best-bet options for sustainable SR
improvement in the villages.
Materials and methods
Study area
This study was conducted in the Nyando basin, covering
two counties of Western Kenya namely, Kisumu County
and Kericho County (Figure 1). As part of the CCAFS
sites in East Africa, Nyando was selected because it had
a range of key bio-physical and agro-ecological gradients;
a range of agricultural production systems; an anticipated
gradient of temperature and precipitation changes; estab-
lished research and development partners; long-term socio-
economic and weather data; a network of regional partners
to facilitate scaling up; and had mitigation and/or carbon
sequestration potential (Kristjanson et al., 2012). The
main land uses in the area are cultivation of crops and
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pasture. Vegetation is scanty in the area, and run-off from
seasonal rivers has caused soil erosion, which has resulted
in deep gullies that run across large areas and hinder farm-
ing activities (Macoloo et al., 2013).
Sampling procedure
In the initial design of the Nyando CSV, 139 households
were randomly selected from seven villages which in turn
were randomly selected from 106 villages within a 10 ×
10 km2 block of land. The sample size was chosen to enable
CCAFS to measure changes in a series of pre-determined
indicators over a 5-to-10-year period. Additional details
on the sampling frame and regional focus are available at
http://www.ccafs.cgiar.org/resources/baseline-surveys.
A requisite sample of households rearing SR was required
to provide a base population for genetic improvement
within the project area. However, of the 139 households
that were part of the initial CCAFS survey on general
household characteristics and resource endowment
(Mango et al., 2011), only 64 percent owned a minimum
of either three sheep or three goats. Households without
SR were thus replaced by randomly selecting alternative
households keeping SR within the same vicinity.
Additional information on the villages and households
selected are presented by Ojango et al. (2015).
Data collection
A participatory systems research approach was adopted in
order to understand the community and the existing man-
agement practices and values attached to SR within
Nyando. Information was collected at a household level
using survey tools developed at the International
Livestock Research Institute (ILRI) as part of the
CGIAR research programme on livestock and ﬁsh (CRP
3.7; http://livestockﬁsh.cgiar.org/). The information col-
lected sought ﬁrst to establish the characteristics of the
various farmers in the CSV and understand their reasons
for keeping SR, then to understand the attributes of SR
that the farmers consider to be most important, and the
dynamics of ﬂocks within the CSV and ﬁnally to deter-
mine the production constraints, challenges and opportunities
for improved productivity of the SR populations in CSV.
The data were collected using the “Open Data Kit” (ODK)
information technology platform (https://opendatakit.org/).
This enabled direct entry of information provided by each
household in an electronic format to a central database,
thus saving on time and reducing the number of secondary
errors usually associated with manual data collection and
entry.
Crosschecking of the information obtained was carried out
through a series of focus group discussions during which
Figure 1. Map of Kenya indicating the Nyando basin and the location of the “Climate Smart Villages”.
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syntheses of the initial results of the survey were presented
and discussed with livestock keepers in the different CSV.
Additional interviews and discussions related to the evi-
dence arising from the household survey were conducted
with Key informants who included both Public and
Private sector actors within the lower Nyando region.
Data analyses
Data analyses procedures comprised both qualitative and
quantitative methods. Simple descriptive statistics were
used to analyse data across sites. Tests of statistical signiﬁ-
cance were carried out using either Chi-square (χ2) or
t-tests.
Farmers were requested to rank various traits in SR that
they perceived to be important in order of preference on
a scale of 1–5 (where 1 = most important and 5 = least
important). Information generated through this ranking
would be useful in developing objectives for improving
SR in the CSV. An average score (Ii) for each trait (i)









where Xji is the number of respondents giving rank j, j = 1,
2, 3, 4, 5 to trait i, where i = age, sex, size, body condition
and breed. rj is the weight corresponding to rank j. The
weight is given by r = 5, 4, 3, 2, 1. The weights given
for each rank were based of the order of preference, with
the highest rank having a higher weight, and the lowest
rank having a lower weight.
Results
Farmer characteristics
The general characteristics of the smallholder farmers in
the CSV are presented in Table 1. Majority of households
from which information was obtained within the two coun-
ties were headed by males (Table 1). There were signiﬁ-
cant differences in the proportion of households headed
by women in between the two counties (P < 0.01), with
Kisumu County having more women-headed households
than Kericho County. When looking at the general com-
position of the households by age group, more than 65 per-
cent of the household members were aged below 25 years
in both counties.
Interestingly, within each household, there were a higher
proportion of adult women over 15 years of age than
adult men (53.43 percent in Kisumu County and 53.09 per-
cent in Kericho County). Literacy levels for the household
heads were moderate. Compared to Kisumu, Kericho had a
higher proportion of household-heads with a primary
school education and therefore could read and write.
There were also signiﬁcant differences (P < 0.01) in the
level of education of the household heads depending on
their genders. Of the men who headed households in
Kisumu and Kericho Counties, respectively 56.6 and
65.2 percent had at least a primary level of education,
Table 1. Characteristics of smallholder farmers and their farms in the “Climate Smart Villages”.
Variable Category Kisumu County Kericho County
Characteristics of household head
Gender Male 60% (53) 74% (46)
Female 40% (35) 26% (16)
Average age (years, μ ± SD) Male 53.5 ± 16 45.7 ± 14
Female 56.9 ± 16 51.0 ± 19
Education level No formal 20.4% (18) 19.35% (12)
Primary School 54.6% (48) 61.3% (38)
High School 25% (22) 19.35% (12)
Household size (μ ± SE)
Farm characteristics
Total land size (hectares) <0.5 34.7% (51) 17.6% (21)
0.6–1.0 29.3% (43) 24.4% (29)
1.1–3.0 29.9% (44) 36.9% (44)
3.1–6.0 5.4% (8) 10.1% (12)
>6 0.7% (1) 11.0% (13)
Land tenure1 Owned with Title 75% (66) 92% (57)
Owned but no Title 76% (67) 100% (62)
Rented/share cropped 11.4% (10) –
Percent of households owning different species of livestock2 Cattle 67% (59) 76% (47)
Sheep 70% (62) 39% (24)
Goats 68% (60) 69% (43)
Poultry 70% (62) 44% (27)
Donkeys 5% (4) 45% (28)
1Households could own different parcels of land under more than one system of tenure.
2Households could own more than one species of livestock.
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while 34 and 24 percent of them had a high school educa-
tion. Among the women who headed households, only
51.4 and 50 percent in Kisumu and Kericho counties
respectively had at least a primary level education, while
much fewer (11.4 percent in Kisumu and 6.2 percent in
Kericho) had a high school education. The implications
of the gender, age structure and education levels within
households on income, asset ownership and livelihoods
within the communities requires further investigation as
this would potentially have great impact on livestock
development within the communities.
Farm characteristics
The parcels of land owned by the farmers were quite small
(Table 1). In Kisumu County, 64 percent of the farmers
owned <1 ha, while in Kericho County 42 percent of the
farmers owned <1 ha. Land available for grazing or grow-
ing pastures for animals was limited. Only in Kericho
County did a signiﬁcant percent of farmers (11 percent)
own more than 6 ha of land. The farmers tended to keep
several species of livestock (Table 1). The number of ani-
mals reared per household presented as tropical livestock
units (TLU) varied in relation to land size (Table 2).
This generally reﬂects the resource availability for the
smallholder farming systems, with less endowed house-
holds owning smaller parcels of land and maintaining
fewer TLU than better endowed households. Farmers in
Kericho County tended to have more cattle and goats
than those in Kisumu, while in Kisumu farmers had
more sheep than those in Kericho (Table 2). On the very
small land holdings (<1 ha), farmers in Kericho County
kept more animals than those in Kisumu County.
When gender was taken into consideration 54 percent of
the households that kept sheep in Kericho County were
headed by women, while in Kisumu County more male
headed households owned sheep (63 percent) compared
with female headed households. In both counties, a higher
proportion of male-headed households owned goats (76
percent in Kericho and 63 percent in Kisumu) than female-
headed households. Differences in ownership of SR by
gender have great implications on control of incomes
that accrue from the sale of the SR and their products.
Access to, and regular availability of water was noted to be
a challenge within both counties. Harvesting and storage of
rain water was mainly practiced within Kisumu County
though only to a small degree, with 4.6 percent of the
households harvesting rain water from their roofs, and 23
percent of the households storing rain water in water
pans. The main constraints related to availability of water
within both counties were; long distances to watering
points and seasonality in availability of water. Farmers
noted that during the drier periods of the year, the amount
of water offered to animals tended to be less than when
conditions were wet. In both counties the use of boreholes
or wells was minimal.
SR breed-types kept and management practices
A large proportion of the sheep reared (68.5 percent in
Kisumu and 60 percent in Kericho) were crosses of
unspeciﬁed local breed-types. Pure-bred Red Maasai
sheep had been introduced in the area for crossbreeding,
however the numbers of crosses were still low (9 percent
in Kisumu and 17 percent in Kericho). There were also
some Dorper and Blackhead Persian sheep in the two
Counties; however, their numbers were low.
Unlike what was observed in the case of sheep breeds, a
larger proportion of the goats reared in both counties
were well-deﬁned breed-wise. The largest proportion of
the goat population in Kisumu comprised the Small East
African goats (38.7 percent) followed by Galla goats and
their crosses (32.3 percent). In Kericho County, there
were more Galla goats and their crosses (49 percent)
than the Small East African goats (34.2 percent). Other
Table 2. Number of tropical livestock units (TLU) for different species of livestock and mean number of sheep and goats reared by small
holder farmers owning different sizes of land the two Counties.
County Land size (Ha) TLU for different livestock species (mean ± SD) Mean number of SR
per HH
Cattle Goats Sheep Poultry Donkeys Overall Sheep Goats
Kisumu
<0.6 2.0 ± 1.4 0.23 ± 0.25 0.44 ± 0.27 0.10 ± 0.04 – 2.7 ± 0.2 5.8 ± 4.9 1.3 ± 0.3
0.6–1.0 3.2 ± 2.1 0.43 ± 0.38 0.60 ± 0.50 0.10 ± 0.08 – 4.3 ± 0.1 5.6 ± 4.4 5.3 ± 3.8
1.1–3.0 4.0 ± 2.4 0.48 ± 0.28 0.44 ± 0.26 0.11 ± 0.09 2.0 ± 0.6 7.0 ± 0.1 5.0 ± 2.8 5.0 ± 2.5
3.1–6.0 4.8 ± 2.7 0.53 ± 0.30 0.81 ± 0.71 0.11 ± 0.08 2.0 ± 0.6 8.3 ± 0.2 8.6 ± 8.5 4.6 ± 2.7
>6.0 9.0 ± 4.9 0.40 ± 0.14 1.93 ± 1.81 0.10 ± 0.05 11.4 ± 1.3 11.0 ± 0 4.0 ± 0
Kericho
<0.6 3.3 ± 2.56 0.70 ± 0.26 – 0.1 ± 0.04 0.8 ± 0 4.9 ± 0.4 – 8.0 ± 2.8
0.6–1.0 5.0 ± 1.78 0.65 ± 0.37 – 0.06 ± 0.03 2.4 ± 0 8.1 ± 0.7 – 4.8 ± 3.8
1.1–3.0 4.9 ± 4.00 0.68 ± 0.52 0.23 ± 0.14 0.05 ± 0.05 0.87 ± 0.24 6.7 ± 0.1 2.6 ± 1.3 6.9 ± 5.3
3.1–6.0 5.3 ± 2.79 0.65 ± 0.46 0.44 ± 0.33 0.07 ± 0.06 0.89 ± 0.26 7.4 ± 0.1 4.7 ± 3.1 6.6 ± 5.3
>6.0 7.2 ± 4.91 0.91 ± 0.71 0.50 ± 0.54 0.06 ± 0.03 1.2 ± 0.67 9.9 ± 0.2 4.9 ± 5.4 9.1 ± 6.9
TLU of 250 kg live weight (Njuki et al., 2011).
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goat breeds found in the areas were the Alpine and crosses
between the different breed-types.
The breed-types of sheep and goats owned differed depend-
ing on the gender of the household head, with a higher pro-
portion of the female headed households owning pure
Red-Maasai sheep and their crosses (Red Maasai × Dorper
in Kisumu and Red Maasai × Blackhead Persian in
Kericho). Also in both Counties, the male headed house-
holds had more of the Galla goats and their crosses than
the female headed households. When mating animals, the
farmers practiced both pure breeding and crossbreeding of
their sheep and goat populations. They noted that cross-bred
animals had better (i.e. more desirable) attributes for their
environments than either the pure-bred local animals, or
the introduced pure-breeds.
SR ﬂocks for all the farmers had a higher proportion of
mature female animals (>50 percent) than other age groups
(Figure 2). The ﬂocks however also comprised 20 percent
mature male animals. Very limited control of breeding was
practiced across the villages.
Rams used for mating in Kisumu County were said to be
mainly home-bred (41 percent of the households), while
in Kericho County, farmers noted that they bought rams
from other farmers or through development projects.
More than 25 percent of the households in the two
Counties however indicated that they used rams in an oppor-
tunistic manner as they left their sheep in open pastures and
any ram from within the vicinity mated their ewes.
For goats, a signiﬁcantly high proportion (65 percent in
Kisumu and 57 percent in Kericho, P < 0.05) of the
bucks used for breeding was sourced from outside the
farms either from other farmers, or through activities of
development projects within the areas. Twenty two percent
of the farmers in both counties however noted that they
bred their own bucks, while the rest relied on random mat-
ing during grazing and at shared water points. None of the
farmers indicated that they had speciﬁc measures in place
to control inbreeding among the SR reared.
SRs kept were mainly fed stovers of planted maize, millet
and sorghum after harvesting of the crops, implying sea-
sonal variation in SR feed resources. In a few instances,
the farmers purchased dry crop residues from neighbouring
farms to feed their SR. Stover was generally obtained from
the ﬁelds directly by the animals, however, 58 percent of
the households in Kisumu and 65 percent of the house-
holds in Kericho County indicated that they sometimes
chopped the stovers into smaller pieces using a hand
held blade prior to feeding it to their SR. Concentrates
and/or mineral supplements were provided by some of
the farmers (37 percent versus 25 percent in Kericho and
Kisumu County, respectively), while 26 percent of the
farmers in Kisumu and 55 percent in Kericho purchased
processed feeds for their SR.
SR trait preferences
The traits perceived as being of primary importance in SR
and their ranking in order of importance based on an index
calculated from the scores provided on each trait by the
farmers are presented in Table 3.
The size and body condition of the animal were the most
important traits for the farmers. This tended to be linked
to the possible price the animals could attract in the market
and, irrespective of breed type, larger animals were sold
for better prices than smaller animals.
Flock dynamics
The ﬂock numbers and structure within the farms was
dynamic. Over a 12-month period, it was noted that 29
percent of the sheep and 34 percent of the goats had left
the ﬂocks in Kisumu County, while 27 percent of the
sheep and 18 percent of the goats had left the ﬂocks in
Kericho County. Though animals exiting ﬂocks were
said to have been sold through different channels
(Figure 3), the farmers noted that the mortality rates in
the ﬂocks, particularly for sheep were high (15 percent
in Kisumu and 19 percent in Kericho). The mortality
rates were signiﬁcantly different (P < 0.01) between
sheep and goats within the two counties, with a higher pro-
portion of the sheep that left the ﬂocks noted to have died
(53 percent in Kisumu and 70 percent in Kericho) relative
to goats (32 percent in Kisumu and 19 percent in Kericho).
Figure 2. Flock structure for sheep and goats in the small holder farming
systems.
Table 3. Relative ranks for traits perceived by farmers as being of
primary importance in both sheep and goats.






Age 216 0.16 4 116 0.12 5
Sex 251 0.18 3 140 0.15 4
Size/conformation 373 0.27 1 240 0.25 2
Body condition/
nutritional status
318 0.23 2 270 0.28 1
Breed 218 0.16 4 184 0.19 3
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There were also a signiﬁcant number of new entries into
the ﬂocks through births and purchases, therefore the
total population of SR remained relatively stable. In
Kisumu County, 24 percent of all the sheep and 32 percent
of all the goats comprised new animals while in Kericho
County, 33 percent of all the sheep and 31 percent of all
the goats comprised new animals. More than 60 percent
of the new animals in both counties were born within
ﬂocks and were thus of local indigenous breed-types and
their crosses with introduced breeds which the farmers
owned. New animals were bought either to replace animals
that had been lost, or as reserves for sales at later dates.
Animals purchased tended to be mature, with farmers giv-
ing preference to body condition than to age. The selection
of the animals to be purchased can have a great inﬂuence
on the possible improvement of ﬂocks, especially because
older animals available for sale in markets could have been
culled for various reasons by the original owner.
Animal health services were generally available through
trained private animal health assistants. The farmers were
also quite knowledgeable of the main diseases that affected
their SR as presented in Table 4. Not all animals had been
vaccinated against diseases with <50 percent of the farmers
indicting that they had vaccinated their animals against
some of the diseases listed in Table 4.
Discussion
Previous studies have noted that breeding programmes
must be preceded by full characterization of the available
genetic resources (Jaitner et al., 2001; Kosgey and
Okeyo, 2007; Bett et al., 2009).The context under which
SR are kept, and the reasons for keeping them needs to
be understood before initiating any genetic improvement
programme. This study was undertaken in order to provide
an insight to the importance of SR under smallholder farm-
ing conditions where livestock keepers have very limited
resources and are faced with the challenge of changing cli-
matic conditions.
Household structure and gender
Households in the communities studied were generally
headed by older persons (>50 years). A substantial propor-
tion of those heading households had either no formal edu-
cation, or only a basic primary level of education. Farming
practices implemented were mainly those learned from
within the communities. In a study on breeding practices
in dairy goat populations, Bett et al. (2008) noted that hav-
ing a high proportion of farmers being elderly may have a
negative impact on breed improvement efforts. Within the
households of Nyando, there was however a sizable pro-
portion of young people within the population who
could be inﬂuenced to improve SR productivity.
A strong association between SR production and gender
was observed in the CSV of Nyando. Speciﬁcally, goats
tended to be owned by men, while sheep were owned by
the women. Not surprisingly, more of the women headed
households had adopted the improved Red-Maasai sheep
breeds that were introduced, while more male headed
households adopted the improved Galla goats. This pattern
in ownership was different to that reported for West Africa
where women tend to own and have greater control of
goats and their products, while the men own a greater pro-
portion of the sheep (Jaitner et al., 2001; Ejlertsen, Poole
and Marshall, 2013). Ownership of livestock by either
men or women in communities is greatly inﬂuenced by
culture with small stock in many communities left under
the responsibility of women and children (Ahuya, Okeyo
and Peacock, 2005; Bett et al., 2008; Peacock et al.,
2011). When asked on the pricing of SR in the CSV
through focus group discussions, it was clear that in
Nyando goats fetch higher prices than sheep.
Resource endowment
The limited land that is available to the households in the
CSV greatly impacts ﬂock sizes and structure and has
implications for sustainable ﬂock/herd productivity.
Water availability was also limited, with great variations
depending on the season. As the farming practices were
geared towards subsistence production, fodders for SR
were limiting. The Nyando area has a very short growing
Figure 3. Percent of households selling sheep and goats through different
avenues.
Table 4. Main diseases noted to affect SRs in the two Counties.
Disease Species affected
Sheep Goats
Contagious Caprine Pleural Pneumonia ✓ ✓
Sheep pox ✓ ✓
Rift Valley Fever ✓ –
Blue tongue ✓ –
Lumpy skin ✓ ✓
Diarrhoea ✓ ✓
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period for crops, when farmers tend to use all the available
arable land to grow subsistence crops (Macoloo et al.,
2013). During such periods there is little land available
for both grazing and fodder production. Feeding of SR
tended to depend heavily on crop residues. Studies have
shown that under-feeding and poor quality feed are some
of the major factors that limit SR production (Gatenby,
1986). In the CSV of Nyando, the farmers noted that it
takes long (an average of 4 years) for a sheep or goat to
grow and reach a mature size, worse still the mature
sizes are still quite small in comparison with indigenous
sheep and goats from other parts of Kenya. Slow growth
rates lead to low offtake rates, which in turn limit ﬂock/
herd productivity and incomes from SR. Farmers therefore
need to adopt practices that promote fodder production as
an economic activity to boost livestock productivity within
the area. Manure from the SR could also be used to
improve soil fertility, which in turn would improve crop
productivity and quantity of fodder available for animals.
Trait preferences and ﬂock dynamics
The farmers in the CSV considered size and body condi-
tion as the most important traits in their SR. They were
however concerned about the slow growth rates, and dif-
ferential mortality across the sheep and goats. For SR
improvement in the CSV, the breeding objective traits
should correspond to what the livestock keepers consider
important. However, the production levels targeted should
be supported by husbandry practices, practical feasibility
and the market for SR (Kosgey and Okeyo, 2007).
Generally growth related traits are highly heritable, easy to
measure and are therefore relatively easy to improve
through selection or crossbreeding. However, as the feed
and water resource base needs to be taken into consider-
ation, a trade-off is needed between improving production
(meat and milk traits) and improving the more functional
traits (adaptability, survival and reproductive efﬁciency).
With the very small ﬂock sizes at individual farm level,
the loss of even one animal is indeed very costly to a
household. High mortality together with the long-time
taken for a female animal to grow to a weight where it
can breed negates potential productivity and offtake of
any livestock enterprise.
Demand for SR products was high within the area and lar-
ger animals were more easily marketed than the smaller
ones. The sale of SR provided buffer income for periods
when crop products were not available for sale. The market
chains for SR production in the lower Nyando area are
however still undeveloped. The markets do not segregate
very much based on the quality of the animals. The farm-
ers also lacked expertise and animal husbandry skills to
develop a speciﬁc quality of SR product for the market,
which may strongly inﬂuence the value of an animal in
traditional markets as noted in smallholder farming sys-
tems of Ethiopia by Gizaw, Komen and van Arendonk
(2010). A strong training package including animal
husbandry, management and marketing of products that
targets both the youth and more mature livestock keepers
would need to be implemented.
Breeding and improvement programme
Bett et al. (2009) indicated that improving SR productivity
in unfavourable environmental conditions can generally be
enhanced by focusing on improving husbandry. However,
in low-input systems where farmers tend to avoid risks and
dependencies, introduction of genes from other “exotic”
populations at the initial stages of a breeding and improve-
ment programme can be successful and is recommended as
long as the functions and attributes of existing populations
are duly taken into account (Peacock et al., 2011; Mueller
et al., 2015). Indigenous tropical breeds of sheep and goats
that have adaptive and productive attributes could serve as
good candidates for such introductions (Baker and Gray,
2004). However, such animals need to be carefully
selected so that they meet the needs and aspirations of
the farming communities to which they are being intro-
duced and should have the potential to adapt to the new
environments. In many instances, improved indigenous
lines are not available, resulting in the introduction of exot-
ic breed lines unable to cope with the long-term stresses of
tropical environments. This has often negatively impacted
livestock improvement programmes in developing coun-
tries as high resultant mortalities of exotic breeds render
livestock keepers destitute (Kosgey et al., 2006). The
changing climatic conditions have catalysed the need for
developing countries to invest in selecting and developing
productive yet resilient indigenous breed lines able to cope
with the changes, while at the same time improving the
livelihoods of their keepers.
The need for improving household incomes demands that
any new livestock improvements or interventions should
be market orientated. The mode of implementation of a
breeding programme needs to be adapted with cognisance
of the prevailing literacy level of the communities targeted.
Simple animal identiﬁcation and monitoring practices
should be used to generate data and information on both
the animals and the production systems. Results generated
through analysis of the data collected should be illustra-
tively presented in order to guide ﬂock management and
breeding decisions. In smallholder systems operated by
households with diverse age groups and differential levels
of literacy working collectively, all the households within
the community can undertake the performance and pedi-
gree recording of their animals. This would enable male
animals to be selected at reasonably younger ages (9–12
months of age). The selected males can then be retained
by a few farmers and used for breeding by the community
members (Peacock et al., 2011; Mueller et al., 2015). In
order to avoid the risk of “improved” female animals
being exposed to non-improved males within the popula-
tion, some form of control can be implemented through
early castration of male progeny from the general
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population. As the average ﬂock sizes are small, gains
would be possible through a group approach to breeding
(Gizaw, Hans and van Arendonk, 2009; Mueller et al.,
2015). The gain in growth and mature size of animals
within the population should however be optimized in
line with feed resources and environmental conditions.
The CSV provide a good platform for developing an opti-
mized community breeding programme for SRs.
Formation of farmer groups, provision of breeding stock,
extension and animal health services and training could
serve as an incentive for farmers’ to participate in the pro-
gramme as described by Bett et al. (2009).
For improved SR to sustainably contribute to transformation
of livelihoods and household incomes, a fully integrated
approach that is grounded on principles of genetic and better
economic management of livestock resources is required.
Improving productivity per animal is the most efﬁcient
way of mitigating ecological degradation, high water con-
sumption and excessive emissions of green-house gases as
reported in “Livestock’s Long Shadow – Environmental
Issues and Options” (Steinfeld et al., 2006).
Conclusions
In situations and production systems such as the ones
found and practiced in Nyando, SRs can play an important
role in both adapting to climate change and mitigating the
effects of climate change on livelihoods of affected com-
munities. A community breeding programme geared
towards the optimal use of available resources and incorp-
orating gender-integrated innovative technologies can be
developed using indigenous breeds. Economic breeding
objectives however need to be developed for the area.
Complementary to this the SR product market value
chain should grow. Capacity development is however
required to improve husbandry and to sensitize farmers
on cooperation in decision making on the improvement
and progress of their ﬂocks.
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